INTRODUCTION
Salmonella enterica svstemic infection responsible for virulence in mice (Nakamura et a/., 1985; Hovi etal., 1988; Suzuki etal., l989) , as well as other nontyphoidal Salmonellae (Gulig, 1990) . These virulencein man and animals. S. enteritidis associated plasmids primarily contribute to the systemic subsp. enteritidis causes enteric and J contains the serotype-specific large plasmid which is infection of organisms beyond the intestine to the mesenteric lymph nodes, spleen and liver in mice (Gulig & Curtiss, 1987 ; Heffernan e t a/., 1987; Suzuki et a/., 1992) . The identification of the virulence region of the plasmids is important to analyse the effect of the plasmid (Baird e t al., 1985; Michiels e t al., 1987; Williamson et al., 1988b; Gulig, 1990; Kawahara et al., 1990) . DNA sequence analysis of these virulence regions indicates that approximately 8.0 kb virulence regions of the S. tpkwzlrizlm, S. dublin and S. cboleraeszlis plasmids are almost identical to each other, and encode at least five genes, spuRABCD, which express proteins of 25-66 kDa (Norel e t al., 1989a, b, c; Pullinger et al., 1989; Taira & Rhen, 1989a , b, 1990 Gulig & Chiodo, 1990; Matsui et al., 1990a Matsui et al., b, 1993 Krause et al., 1991 ; Caldwell & Gulig, 1991 ; Gulig et al., 1992 ).
Based on DNA hybridization studies and introduction of virulence plasmids into the different serotypes of Salmonella, it was predicted that the virulence plasmids of S. typbimzlrizlm, S. dublin, S. cboleraesuis and S. enteritidis shared the homologous region associated with the virulence (Popoff et al., 1984; Beninger e t al., 1988; Williamson et al., 1988a; Korpela e t al., 1989; Poppe e t al., 1989; Woodward e t al., 1989; Roudier e t al., 1990; Jones & Osborne, 1991 (1 988a) transduced a transposon insertion from the virulence region of the S. tJYphimurizlm and S. dzlblin plasmid to the S. enteritidis plasmid and showed that the resulting strains were avirulent in mice, the precise location of the virulence region of the S. enteritidis plasmid has not been identified. As a result, the genetic characterization of the virulence region of the S. enteritidis plasmid is poorly documented. In this report, we describe the physical and genetic characterization of the S. enteritidis virulence plasmid pNL2001. We constructed a restriction endonuclease cleavage map of pNL2001 and found a 6.4 kb region encoding the virulence phenotype. Sequence analysis of this region revealed four sequential open reading frames encoding putative proteins of 29-70 kDa.
METHODS
Bacterial strains, plasmids, bacteriophages and media. S. enteritidis AL1190 contained the 55 kb (36 MDa) virulence plasmid pNL2001, and AL1192 was a plasmid-cured derivative of AL1190 (Nakamura et al., 1985) . S. cboleraesuis RF-1 (Kawahara et al., 1988) , which contained the 50 kb virulence plasmid pKDSC50, was used for DNA hybridization studies and preparation of DNA probes. Escbericbia coli TH471 (Harayama e t al., 1980) was used for transposon mutagenesis of pNL2001 as the transposon T n l carrier. E. coli HBlOl (Bolivar & Backman, 1979) and JM109 (Yanisch-Perron et al., 1985) were used as host strains for recombinant plasmids. pACYC184 (Chang & Cohen, 1978) , pUC118 and pUC119 (Viera & Messing, 1987) , and pHSG398 and pHSG399 (Takeshita et al., 1987) were used as cloning vectors. The nucleotide sequencing vectors were M13mp18 (Yanisch-Perron et al., 1985) and Bluescript M13 (Short et al., 1988) . pMKD201 and pMKD401 carried the 4 1 kb EcoRI-EcoRI fragment (spvA, J-PVB and spvC genes) of pKDSC50 into pUCl18 and the 2.3 kb SaZI-EcoRI fragment (spvR gene) of pKDSC50 into pUCl19, respectively (Matsui et al., 1991) . The growth media used were Antibiotic Medium 3 (Difco), Heart Infusion broth (Eiken), L broth (Lennox, 1955) , L agar containing 1.5% (w/v) agar, and desoxycholate-hydrogen sulfide-lactose agar (DHL; Eiken). Antibiotics were added for selection at the following concentrations : ampicillin (Ap), 25 pg ml-' ; kanamycin (Km), 25 pg ml-I; chloramphenicol (Cp), 25 pg ml-', and tetracycline (Tc), 12.5 pg m1-l.
Preparation of restriction map. After timed partial digestion of the 55 kb plasmid pNL2001 with the restriction enzymes SalI, EcoRI or HindIII, digested fragments were cloned into pACYC184 and resulting recombinant plasmids were transferred to E. coli HBlOl by transformation. The recombinant plasmid DNAs were isolated, digested, and analysed by 0.7-1.0 YO (w/v) agarose gel electrophoresis.
Transposon mutagenesis of pNL2001 with Tn 1. Insertion mutagenesis using T n 1 was performed as described previously (Nakamura et al., 1985) , employing pTHlO as the transposon carrier. 3. enteritidis AL1190 was mated with the donor strain E . coli TH471, which carries the pTHlO plasmid. Ap' and Km' Salmonella exconjugants were selected in glucose minimal medium containing Ap and Km, and then cultured at 42 "C to select for the transposition of T n l and the curing of pTHl0.
Resulting Ap' and Km" colonies were selected by replica plating, and plasmid DNA from these colonies was transferred into the plasmid-cured derivative AL1192 by the procedure of Kushner (1978) to exclude strains in which T n l had been inserted into the chromosome. These transformants were designated Tn 1 inserts. Mouse infection. Female ddY mice, 5 weeks old, were purchased from Nippon SLC. To screen for the strains carrying the plasmid in which T n l had been inserted into the virulence region, approximately lo5 c.f.u. of cultures (0.1 ml) of T n l inserts were subcutaneously injected into the abdomen of three mice. Seven days after inoculation, 0.1 ml blood was collected by puncture of the retro-orbital venous plexus, inoculated in 3 ml of Heart Infusion broth, and incubated at 37 "C overnight.
The overnight cultures were subcultured on D H L agar containing Ap at 37 "C overnight. Mice were monitored for 14 d and deaths were recorded. The strain which was not recovered from the blood of mice and did not cause the death of inoculated mice was considered to be avirulent, as well as plasmid-cured strain AL1192. The others were considered to be virulent, as well as wild-type strain AL1190.
T o determine the LD50 value of each strain, groups of five mice were inoculated with 10-fold serial dilutions of cultures subcutaneously into the abdomen or intraperitoneally, and deaths were recorded over 14 d. LD,, values were calculated by the method of Behrens-Karber (Karber, 1931 Antisera against individual Spv proteins. Antisera for Western blot analysis were prepared as described previously (Matsui et al., 1993) . Briefly, oligopeptides were synthesized based on the amino acid sequence of hydrophilic regions near the C-termini of the SpvR, SpvA, SpvB and SpvC proteins encoded in the spv region of pKDSC50. The synthetic peptide sequences were as follows : SpvR, YPTKKRETPDYRKAIKLIQC ; SpvA, SNY-AMELASRLSPEQQTLPTEPDNS; SpvB, SKLRLSDDAT-ADTNRIKRIC; SpvC, YRNELRSGRDGGEMQRQALRE-EPFYPLMTE. Individual antisera against Spv proteins were generated by immunization of rabbits with synthetic peptide-bovine serum albumin conjugates of corresponding proteins in Freund's complete adjuvant. Each serum exhibited a monospecificity based on examinations by ELISA (Matsui et al., 1993) and Western blot analysis using the system described below (data not shown), although some cross-reactivity was reported between the SpvR and SpvB proteins using these antisera (Matsui et al., 1993) .
Western blot analysis. E . coli JM109 carrying the recombinant plasmid was cultured overnight in the presence of IPTG at a final concentration of 1 mM. SDS-PAGE was performed according to the method of Laemmli (1970) . The proteins separated by SDS-PAGE were transferred electrophoretically to nitrocellulose paper (Bio-Rad). Non-specific antibody binding was blocked by incubating the nitrocellulose in 3 % (w/v) gelatin and 5 % (v/v) horse serum in TBS buffer [20 mM Tris (pH 7.5), 500 mM NaC1, 0.01 YO (w/v) merthiolate]. The blots were probed with rabbit antiserum against the Spv protein.
Binding of the primary antibody was detected by using goat anti-rabbit immunoglobulin G conjugated to horse radish peroxidase (HRP; Cappel) and then by incubating the preparation in HRP colour development reagent (containing 4-chloro-naphthol) (Bio-Rad). E . coli JM109 carrying pMKD401 or pMKD201 were used as positive controls expressing the SpvR protein (32 kDa) and SpvA (32 kDa), SpvB (70 kDa) and SpvC (29 kDa) proteins, respectively. E . coli JM109 carrying the vector plasmid was used as a negative control.
Nucleotide sequencing. The 2.3 kb Sall-EcoRI and 4.1 kb EcoRI-EcoRI fragments of pNL2001 were cloned into Bluescript M13 and M13mpl8, respectively. Nucleotide sequencing was performed with an automatic 373A DNA sequencer using the Tag Dye Deoxy Terminator Cycle Sequencing kit (Applied Biosystem). Sequencing primers were provided in the kit. All the sequences were read from both strands. DNA sequences flanking T n I insertions were determined by using oligonucleotides corresponding to the termini of Tn3 (Heffron et al., 1979) as primers. The sequence data were analysed with DNA software, GENETYX-MAC (Software Development Co.).
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Fig, 3.
Western blot analysis of Spv proteins expressed from recombinant plasmids. Lanes: 1, JM109/pMKD401; 2, JM109/pMKD201; 3, JM109/pUC118; 4, JMlOS/pUC119; 5, JM109/pNE135; 6, JM109/pNE100; 7, JM109/pNEG19; 8, JM109/pNEG21; 9, JM109/pHSG398; and 10, JM109/pHSG399. Spv peptide antisera used were as follows: anti-SpvR serum (a), anti-SpvA serum (b), anti-SpvB serum (c) and anti-SpvC serum (d).
RESULTS

Endonuclease restriction
digest were doublets), and 7 HindIII sites (the second band of the HindIII digest was a doublet). With the timed partial digest of pNL2001 with each enzyme, the restriction map of pNL2001 was constructed as shown in Fig. 1 
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Southern blot analysis
To identify the homologous virulence region in pNL2001, the 2.3 kb SaA-EcuRI fragment of S. choleraeszris plasmid pKDSC50, containing the spvR gene, and the 4.1 kb EcoRI-EcoRI fragment, containing the spvA, spvB and spvCgenes, were used as probes for Southern blot analysis. As shown in Fig. 2(a) and (b) , the 2.3 kb and 4.1 kb probes hybridized with the 2.3 kb SaA-EcoRI and 4.1 kb Eco-RI-EcoRI (EcoRI-6) fragments of the 55 kb plasmid pNL2001 of S. enteritidis, respectively. The 2.3 kb probe also hybridized with the SaA-1, EcoRI-1 and HindIII-1 fragments in the restriction enzyme map of pNL2001 (Fig. 1) . Accordingly, it was demonstrated that the 2.3 kb SaA-EcoRI fragment was contiguous to the EcoRI-6 fragment, and that the 6.4 kb SaA-EcuRI fragment homologous to the spv region of pKDSC5O was present in pNL200 1.
Identification of proteins encoded by the virulence region
To identify the proteins encoded in the 6.4 kb SaA-EcoRI fragment of pNL2001, E. coli JM109 carrying the various recombinant plasmids (Fig. 1 b) were analysed by Western blotting using four antisera against individual SpvR, SpvA, SpvB and SpvC proteins expressed from the 6.4 kb spv region of the S. choleraeszris plasmid pKDSC50. The recombinant plasmids were constructed using pUCl18, pUCll9, pHSG398 or pHSG399 as cloning vectors.
Results of Western blot analysis are shown in Fig. 3 . AntiSpvR serum enabled detection of the 32 kDa protein in JM109/pMKD401 used as a positive control for SpvR, but not in JM109/pMKD201 (data not shown). AntiSpvA, -SpvB and -SpvC sera enabled detection of the 32, 70 and 29 kDa proteins in JM109/pMKD201, respectively, but not in JM109/pMKD401 (data not shown). None of the proteins were detected in the JM109 strains carrying the vector plasmid. One protein, designated SpvR with a molecular mass of 32 kDa, was detected in cells carrying pNE135 or pNE130, and three proteins of 70,32 and 29 kDa, were detected in cells carrying pNElOO or pNEG21. To confirm the order of the proteins expressed in the 41 kb EcoRI-EcoRI fragment of pNL2001, 0.9 kb PstI-PstI, 2.2 kb PstI-AatI and 1-2 kb BamHI-EcuRI fragments from the 4.1 kb EcuRI-EcuRI fragment were subcloned into the vector plasmids pUC119 or pUC118. pNE141 and pNE151 were constructed by insertion of the PstI-AatI fragment from pNElOO into the PstI-SmaI site of pUCl19 and pUCll8, respectively. The 70 kDa protein was detected in JM109/pNE141, the 32 kDa protein in JM109/pNE142, and the 29 kDa protein in JM109/pNE192 and JM109/pNEl82, indicating that the order of the molecular mass of the proteins designated SpvA, SpvB, and SpvC from left to right along the fragment was 32,70 and 29 kDa, respectively (Fig. la) . No proteins were detected in JM109/pNE132 or JM109/pNE151, indicating that the translational orientations of the SpvA and SpvB proteins were as shown in Fig. l(a) along the 4.1 kb EcoRI-EcoRI fragment. SpvR and SpvC proteins were detected in JM109/pNE130 and JM109/pNE182, respectively, suggesting the presence of a promoter sequence in each fragment.
The EcuRI-6: : Tn7 fragment of the TA19 plasmid was cloned into the vector plasmid pHSG398, designated pNEG19, and proteins expressed from pNEG19 were examined. From pNEG19, SpvA and SpvB were expressed, unlike SpvC. No truncated protein was detected (Fig. 3, lane 7) . The DNA sequences and deduced amino acid sequences of the spv region of S. enteritidis were compared with the corresponding genes and proteins of the S. typhimzrrizrm, S.
dnblin and 3. choleraeszris plasmids reported previously (Norel e t al., 1989a, b, c; Pullinger et al., 1989; Taira & Rhen, 1989a , b, 1990 Gulig & Chiodo, 1990; Matsui e t al., 1990a Matsui e t al., , b, 1993 Krause et al., 1991 ; Caldwell & Gulig, 1991; Gulig et al., 1992) . There were no significant differences in the nucleotide sequences in the coding regions between the ~p v region from S. enteritidis and the other three serotypes. In the spvR and spvA regions, substitutions of 2 and 1-3 nucleotides were observed, resulting in 2 and 1-3 amino acid alterations, respectively.
In the spvB and spvC regions, substitutions of 3-9 and 0-3 nucleotides were observed, respectively, except for the sequences described by Norel e t al. (1 989a, b) , resulting in 1-4 and 0-3 amino acid alterations, respectively. As shown in Table 2 , the identity of each deduced amino acid sequence in the spv region of S. enteritidis to the corresponding sequences in the spv region of other plasmids exceeded 98 % except for the results reported by Norel e t al. (1989a, b) . As cited by Taira & Rhen (1989a) and Gulig et al. (1992) , some substitutions and deletions (1989a, b) , respectively, resulting in the relatively low percentages of identity (Table 2) .
DNA sequence analysis of the Tnl insertion
To identify the precise location of the Tn 7 insertion site of strain TA19, the DNA sequences flanking the Tnl insertion of pNEG19 were determined. The insertion site was located at base 3647 of the 4.1 kb EcoRI-EcoRI fragment within the coding sequence of SpvC (Fig. 5) .
DISCUSSION
Several authors have reported the presence of a homologous region in the S. enteritidis plasmid to the virulence region of the S. t_yphimzlritrm and S. dtrblin plasmids based on DNA hybridization studies (Popoff et al., 1984; Beninger et al., 1988 , 1991) . Recently, heteroduplex analysis of the virulence plasmids of several serotypes has shown that the S. typhimzlritrm, S. choleraestris and S. enteritidis plasmids were very similar (Montenegro e t al., 1991) . Moreover, Williamson et al. (1988a) demonstrated the avirulence in mice of S. enteritidis mutants in which the transposon-containing sequences from the virulence region of the plasmid of S. t_yphimtrrizlm M242 or S. dzlblin M51 were transduced into the plasmid. Therefore, it has been suggested that the homologous region in the S. enteritidis plasmid presumably contributed to the virulence. However, the precise location of the homologous region on the restriction map of the S. enteritidis plasmid has not been defined. In the present study, we constructed the restriction enzyme map of the S. enteritidis plasmid pNL2001 (Fig. la) and showed, based on Southern blotting analysis, that a 6.4 kb SaA-EcoRI region of the S. enteritidis plasmid was homologous to the 6.4 kb SaA-EcoRI spv region of the S. choleraestris plasmid (Fig. 2) . One mutant, TA19, in which Tn7 had been inserted within the homologous region, showed reduced mouse lethality (Table 1) . Although we could not obtain any other mutants in which Tnl had been inserted within the homologous region, S. enteritidis transductants described by Williamson e t al. (1988a) were not virulent in mice, and the transposon insertions were located within the 2.3 kb SaA-EcoRI and 4.1 kb EcoRI-EcoRI fragments (Baird e t al., 1985) . On the basis of these results, it was suggested that the homologous region in the S. enteritidis plasmid pNL2001 was responsible for virulence in mice. This homologous region was mapped on pNL2001 as the xpv region of S. enteritidis plasmid (Fig. la) .
Four proteins were detected from the 6.4 kb spv region of pNL2001 by Western blotting analysis using individual Spv protein antisera (Fig. 3) , and at least four open reading frames corresponding to the individual proteins were identified within the DNA sequence of this region (Figs 4 and 5). We designated these S. enteritidis genes qvR, spvA, xpvB and spuC, encoding 32, 32, 70 and 29 kDa proteins, respectively. The spv genes were oriented in the same direction as shown in Fig. l(a) , and corresponded to the sequences of the spu genes recently identified in the S. tJyphimuritrm, S. dzlblin and S. choleraestrix virulence plasmids. Comparison of the DNA sequences and deduced amino acid sequences of our spu region with those of the other serotypes showed that the spuR, spvA, spvB and spvC genes of S. enteritidis were nearly identical to the spvR, spvA, spuB and spvC genes of the other three serotypes (Norel et al., 1989a, b, c; Pullinger e t al., 1989; Taira & Rhen, 1989a , b, 1990 Gulig & Chiodo, 1990; Matsui e t al., 1990a Matsui e t al., , b, 1993 Krause e t al., 199 1 ; Caldwell & Gulig, 1991 ; Gulig e t a/., 1992), respectively (Table 2) . Therefore, it was confirmed that the virulence plasmids of non-typhoidal Salmonellae, including S. enteritidis, share the highly conserved region responsible for the virulence, although the virulence plasmids carried by different serotypes differed in their size and restriction digest pattern (Popoff e t al., 1984) . However, in this study, we could not define the region downstream of the spvC gene in S. enteritidis, where the spvD and orfE genes were identified in S. typhimzlritrnz and S. dtrblin (Krause e t al., 1991; Gulig e t al., 1992 Gulig e t al., , 1993 . Considering the almost complete identity of our spvRABC genes to those of the other three serotypes and the extensive region of homology among the Salmonella virulence plasmids (Montenegro e t al., 1991), it is likely that the spvD and orfE genes are also encoded in S. enteritidis, and it would be unsurprising if they are nearly identical to those of the IP: 54.70.40.11
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other serotypes. Identification of these genes in 5'.
enteritidis will therefore require further investigation. (Coynault e t al., 1992) . The identification of the derivatives deleted from the BamHI site of the BamHI-EcoRI fragment will be necessary to determine the precise location of the promoter for the spvC gene.
The function of the products from individual genes within the spv region of S. enteritidis remains largely unknown. In the present study, we showed that the strain TA19 displayed a reduced mouse lethality, and that T n l was located within the spvC gene encoding the 29 kDa protein. Complementation examinations confirmed that the spvC region of S. t_ypbimzrrizrm encoding a 28 kDa protein was essential for the expression of virulence in mice (Gulig & Chiodo, 1990; Coynault e t al., 1992) .
However, a non-polar insertion mutation of spvC of S.
dziblin retained a partial virulence phenotype for mice, suggesting the presence of the accessory virulence function of the spvC gene (Roudier et al., 1992 Krause et al., 1992; Matsui e t al., 1991 Matsui e t al., , 1993 Taira e t al., 1991 ; Coynault et al., 1992) . The contribution of the spvR and spvD genes to virulence in mice was also confirmed by recent complementation studies (Gulig et al., 1992; Coynault et al., 1992) , whilst the definitive roles of spvA and spvB genes has been controversial (Gulig e t al., 1993) . It is assumed that since the sequences of our spv genes are almost identical with those of the spv genes previously reported, our spv genes presumably exert a similar function to that of the spv genes in the other three serotypes.
Although it remains to be determined how the virulence gene products contribute to pathogenesis, recent investigations have demonstrated that the spv genes were selectively expressed during the stationary phase of culture or under starvation conditions (Fang e t al., 1991 ; Krause e t al., 1992; Coynault e t al., 1992) and were regulated by a chromosomal gene katF which encodes an alternative t s factor of RNA polymerase Norel et al., 1992) . Rhen e t al. (1989) reported that Tn5 insertion within the spvB region induced a low viability of S. t_yphimziriztm in murine liver macrophages, indicating that the spvB gene was necessary for intracellular growth of bacteria. In contrast, Riikonen e t al. (1992) reported that the spv genes of the Salmonella virulence plasmids did not contribute to the survival or growth of Salmonellae in murine macrophages cultured in vitro. In the most recent study by Gulig & Doyle (1993), it was indicated that the virulence plasmid of S. t_yphimzirizrm contributed to virulence in mice by the increase of growth rate of the bacteria presumably within mouse cells, and not through the induction of resistance to killing by the host or the increase of the mobility of the bacteria between tissues. Therefore, the spv gene products are likely to be expressed under regulation of a chromosomal gene katF in mouse cells where the nutrient conditions are limited. Thereafter the growth rate of bacteria may increase, resulting in lethality for mice. The higher recovery rates of bacteria from the deeper tissues in mice infected with the parent S. enteritidis strain compared with the plasmid-cured derivative described in our previous study (Suzuki e t al., 1992) and the reduced mouse lethality of the spvC insertion
